Accurate mortality statistics are important for implementing appropriate prevention strategies, improving emergency preparedness, instituting financing policies and appropriate health packages. These data must come from census, mortality reports, hospital databases, community-based reports and other such sources. India is experiencing an increasing trend in injuries, particularly due to road traffic accidents at an alarming annual rate of 3 per cent[@ref1]. The World Report on Road Traffic Injury Prevention indicates that by 2020, road traffic injuries will be a major killer accounting for half a million deaths and 15 million disability adjusted life years (DALYs) lost[@ref2]. Evidence supports the fact that timely referral to trauma centres, equipped with proper facilities to deal with serious injuries, results in reduction of mortality among victims[@ref3].

There is an urgent need for concerted efforts for effective and sustainable prevention and management of injuries in India. One of the essential needs is to establish the trauma registries to monitor the system and provide State-wide cost and epidemiological statistics. The information systems regarding trauma, in most places, are manual records and hence grossly inadequate.

No national spinal cord injury (SCI) registry available in India to describe the mortality characteristics of the traumatic spinal cord injury (SCI). Furthermore, there is no accurate assessment of the number of individuals who suffer from SCI in India every year. Hence, the research on epidemiology of traumatic SCI in India is very limited[@ref4][@ref5].

The purpose of this study was to describe the mortality profile of patients with spinal injuries in isolation or as a component of polytrauma. The study was aimed to identify pattern of deaths according to: *(i)* mechanism of injury; *(ii)* age; *(iii)* cause of death; *(iv)* associated injuries; and *(v)* time of death. The intention was to understand the predictive factors that identify patients at an increased risk of spinal trauma mortality.

Material & Methods {#sec1-1}
==================

This study was conducted at a level I trauma centre in New Delhi, India. This centre (Jai Prakash Narayan Apex Trauma Centre, All India Institute of Medical Sciences, New Delhi, India) admits about 3500 patients every year, and has no assigned trauma catchment area or geographic jurisdiction.

Retrospective data were collected from CPRS (computerized patient record system) of this hospital and autopsy reports maintained in the department of Forensic Medicine. All the cases/autopsy reports with spinal injuries whether in isolation or as a part of polytrauma were reviewed. For the purpose of the study, the trauma was defined as an injury to living tissue caused by an extrinsic agent, examples included the consequences of motor vehicle accidents, falls, gunshots, physical assaults or other forms of trauma. A total of 341 such cases were identified between January 2008 to December 2011. The demographic data, type of trauma, duration of survival, body areas involved, level of spinal injury and associated injuries if any, were recorded. Also, information like mode of shifting of patient from site of accident, education of attendants, duration of shifting from site of injury to the center, treatment taken in other setups, whether helmet worn or not, *etc*. was also recorded. Level of injury was defined as cervical spine injury (CSI) when it included C1--C7; thoracic spine injury (TSI) when it was T1--T10 and thoraco-lumbar injury (TLI) when it was T11-- L5.

Based on survival period, the duration of survival was divided into four phases[@ref6]: Phase-I from the scene of incidence to arrival of the patients to hospital (Pre-hospital -- spot or brought dead), Phase-II from initial assessment in the casualty/emergency department to shifting to ICU/operation theatre (\>3 to 24 h), Phase-III from surgical intervention/ICU to secondary complication (\>24 h to 1 wk) and Phase-IV from secondary to tertiary complication of trauma (\>1 wk). The data were compiled, analysed and the results presented ([Table I](#T1){ref-type="table"}).
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The study protocol was approved by the institutional ethics committee.

Results {#sec1-2}
=======

Spinal injuries were observed in 341 autopsy cases/records in the study period. There were 288 (84.45%) males and 53 (15.55%) females. Most victims (73%) were between 25 and 64 yr of age, followed by young adults between 16 and 24 yr (19.35%) ([Table I](#T1){ref-type="table"}). Only 5 per cent cases were above 65 yr of age. The male: female ratio was 5.4:1.

A total of 189 (55.43%) cases had spinal injuries in isolation. Injury to the cervical spine occurred in 259 (75.95%) patients, while 56 (16.42%) patients had thoracic spine injury and in another 26 (7.62%) thoraco-lumbar spine was involved. The commonest cause of spinal cord injury was high energy falls (151 patients; 44.28%), closely followed by road traffic accidents (143 patients; 41.93%). Any fall from a height of more than 20 feet in adults and 10 feet in children was considered high energy fall[@ref7]. The other causes were fall of heavy object (17 cases; 4.9%), railway track accidents (9 cases; 2.6%), assault (10 cases; 2.93%), and other miscellaneous causes (11 cases; 3.22%). Interestingly, the leading mechanism of injury in 25-60 yr age group was found to be high energy falls (122 cases; 49%), while it was road traffic accidents (34 cases; 51.5%) in the age group of 16-24 yr.

In 152 (44.57%) cases spinal injuries were seen in combination with injuries on other body regions. Fifty eight (38%) cases had associated head injury while 17 (11%) cases were having associated chest trauma. A combination of associated head and chest injury in 12 (8%), head and abdominal injury in 11 (7%), head, chest and abdominal injury in 15 (10%) and chest and abdominal injury in another 15 (10%) was found ([Table I](#T1){ref-type="table"}).

The majority of deaths (176 cases; 51.61%) occurred in the phase IV due to tertiary complications of trauma (\>1 wk). Forty (11.73%) patients died in phase I while 55 (16.13%) died in phase II (\>3 to 24 h). Trauma victims dying in phase I were either those who died at the scene of incidence or on the way before reaching to the hospital. A total of 95 patients survived less than 24 hours. Seventy (20.53%) patients died in phase III (\> 24 h to 7 days). Of the 95 cases who survived less than 24 h, 82 (86.3%) had some associated injury while it was present in only 70 (28.5%) of the 246 cases who survived more than 24 h. The common causes of death in phases I and II were found to be head injury, haemodynamic instability and neurogenic shock while in phases III and IV the common causes were sepsis secondary to multiple organ failure and complications of chronic respiratory insufficiency ([Table II](#T2){ref-type="table"}).
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Discussion {#sec1-3}
==========

Only a few studies have been published from India on trauma related mortality[@ref8][@ref9] and none on mortality profile of patients with spinal injuries. This study is the first of its kind in India describing the profile of early deaths in 341 post traumatic spinal injury patients. Males (84.45%) were found to be more prone to spinal cord injury in our study, as reported from other countries also, as they are usually engaged in outdoor work and hence are more prone to spinal cord injury and/or other trauma[@ref10][@ref11][@ref12][@ref13][@ref14]. In our study male: female ratio was 5.4:1. Male predominance has been reported from India and other developing countries[@ref14][@ref15][@ref16][@ref17].

Our study also reflected the age group of 25-64 yr being the most susceptible for spinal injuries. In other studies the mean age of patients with SCI reported varied from 30.9 - 38.9 yr[@ref13][@ref18][@ref19].

Falls as the leading cause of SCI have been reported from developing countries like Bangladesh, Turkey, Pakistan and Nigeria[@ref13][@ref16][@ref20][@ref21][@ref22]. Most of the houses in rural and urban areas lack essential safety precautions like fencing of the terrace and guarding of the staircase, thereby making fall from height a realistic possibility. Wells in rural India lack essential safety precautions thus putting the people working in close range at risk[@ref5]. Road traffic accidents were the second commonest aetiology in our study with 41.93 per cent deaths. In a recent large series from India, road traffic accidents were found to be the leading cause of SCI closely followed by falls[@ref4].

In our study the associated injuries to the head were most common followed by injuries to the thorax, abdomen and extremities. Similar results have been reported in other studies[@ref3][@ref23][@ref24].

Only 27.86 per cent of all the cases survived for less than 24 h post-trauma and of these, majority (86.3%) had some associated injuries. Hence, most of the early deaths (almost one fourth of all) were in patients who sustained polytrauma along with spinal injury. A study from Puducherry[@ref25] demonstrated that mean delay caused from the time of accident to the time at admission was 14.9 hours and 37 per cent had at least two changes of vehicle before admission, adding to the delay. This is in keeping with the experience in other developing countries where a 6-hour delay contributed to poor outcome[@ref26].

It was also observed that attendants accompanying patients having cervical spine injury had little knowledge regarding precautions to be taken to prevent further neurological deterioration during transportation. The place of first medical encounter is decided more often by the relatives, bystanders, and police. In this chaos, the patient is taken to the closest medical facility, which may be grossly inadequate to deal with serious trauma. The golden hour is thus spent without appropriate resuscitation. Expeditious and careful transport of patients with acute cervical spine or spinal cord injuries should be carried out from the site of injury by the most appropriate mode of transportation available to the nearest capable definitive care medical facility. In India, proper coordination between the trauma receiving facility and ambulance services is present in as low as 4 per cent of the pre-hospital network[@ref1]. It has been shown that minimizing pre-hospital time greatly helps in reducing trauma mortality and morbidity[@ref27]. Chandra *et al*[@ref24] observed that the spot deaths had markedly declined by introducing the special mobile ambulance services to accident patients.

In our study 20.5 per cent of the trauma patients died in phase III (\>24 h to 7 days) due to respiratory failure or as a result of post-traumatic complications. A substantial proportion of patients (51.61%) who survived for more than one week (phase IV), later died as a result of secondary complications like sepsis or multiple organ system failure. Similar observation have been reported by Reber *et al*[@ref28]. It has been shown that respiratory insufficiency and related complications are the most common causes of morbidity and mortality in acute SCI with an incidence of 36 to 83 per cent[@ref29]. It is also noteworthy that ventilatory failure may last up to an average of five weeks causing delayed deaths in these cases[@ref30]. Efforts to improve respiratory function and minimize respiratory complications reduce mortality[@ref29][@ref31][@ref32].

Sepsis may result from focus in the bladder due to catheterization, respiratory tract from aspiration, hypostatic pneumonia from respiratory insufficiency, the skin from bed sores and intravenous lines. Adequate attention and preventive measures like intermittent catheterization, aseptic procedures in setting up intravenous line, chest physiotherapy and pulmonary toileting and frequent turning of patients to prevent bed sores help to reduce mortality from sepsis[@ref33].

There is a need to set up more specialized spinal trauma units across the country with good accessibility to poorer sections of society for comprehensive management of spinal cord injured patients. Early liaison of hospitals without specialized spinal units to specialized spinal centres should be encouraged, so that early presentation of acute spinal cord injured patient to a specialized spinal unit leading to early total care and reduction of mortality can be carried out[@ref10].

There is a need to increase tertiary trauma care units with multidisciplinary approach for comprehensive care of critically injured patients. Steps must also be taken to improve injury surveillance and the quality of data collected. Detailed, complete and relevant data will guide prevention efforts aimed at risk factors in the individual and the environment and provide feedback to trauma care providers. Further monitoring of these trends will influence training, improve the focus of the trauma service and direct the provision of more effective care to these severely injured patients. These findings also suggest the need to allocate resources for trauma prevention, and promote research towards improving the care of acutely injured patients.
